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Purpose : Development of a hybridization technique for
spermatozoa allowing the preservation of the head mor-
phology.
Methods : FISH analysis of fixed semen samples from
oligoasthenoteratozoospermia (OAT) patients with a nor-
mal somatic karyotype attending the Cytogenetics and the
IVF Laboratories of a University hospital for semen analy-
sis. In situ hybridization with centromeric probes for chro-
mosomes X, Y, and 18 and locus specific probe for chromo-
some 21.
Results : More than 95% of the sperm heads showed clear
hybridization signals and a conserved morphology including
the visualization of the tail. Few cells with splitted signals
were not considered.
Conclusions : This is the first description of a simple and fast
hybridization protocol for spermatozoa without a decon-
densation step, allowing preservation of the morphology of
the sperm head that is particularly useful to correlate abnor-
mal spermatozoa with specific chromosome aneuploidies.
With this technique we were able to avoid troubles in inter-
pretation of FISH spots that does not depend on the quality
of nuclear decondensation, as it is the case in the previously
described methods. Our goal was to demonstrate the effi-
ciency of the method without loosing sperm head morphol-
ogy. Further studies are needed to correlate the aneuploidy
rates for specific chromosomes with sperm morphology.
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INTRODUCTION
Cytogenetic study of human gametes is a difficult
task due to the high condensation of chromatin in
the sperm head. Several authors have been publish-
ing different protocols for in situ hybridization after
various decondensation treatments (1–10). Infertile
men often have severe morphological abnormalities
of their sperm that correlate with the impairment of
spermatogenesis and the low number of germ cells
in the ejaculate. In individuals with a normal so-
matic karyotype some of the sperm cells may have
aneuploidies that cannot be easily detected. In se-
vere oligoasthenoteratozoospermia (OAT) patients
the frequency of nondisjunction of autosomes and
gonosomes increases as the sperm count decreases
(1,2,11) and this increase in the aneuploidy rate in
spermatozoa should not be underestimated. The in-
cidence of aneuploidy rate in OAT patients may be
relevant for couples undergoing assisted reproduc-
tive technologies, namely intracytoplasmic sperm in-
jection (ICSI).
Karyotyping spermatozoa has only been possi-
ble after fusion with zona pellucida free hamster
eggs, which is a very laborious procedure. Using
FISH a much larger number of spermatozoa can
be analyzed and even spermatozoa of infertile men
that are not capable of fertilizing an egg can be
scored. The slight increase in the aneuploidy rate
that has been observed for several chromosomes in
the sperm of infertile patients by FISH might led
us to speculate a higher than expected total aneu-
ploidy rate in spermatozoa from infertile men. How-
ever, not all chromosomes are evenly involved in
the nondisjunction events. Reported protocols of de-
condensation are time consuming and laborious. Af-
ter DNA decondensation the morphology of the
sperm heads is partly distorted and the majority of
the tails are lost which leads to problems in the
distinction between abnormal sperm and somatic
cells.
Here we describe a simplified protocol using
high temperatures to improve the access of the
probes to sperm DNA. This is a very simple and
fast procedure that allows high hybridization effi-
ciency with clear spots without loosing sperm head
morphology.
MATERIALS AND METHODS
Patients
Samples were collected from patients with severe
OAT and a normal somatic karyotype attending the
Cytogenetics Laboratory and the IVF Laboratory of
a University Hospital.
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Semen Preparation and Fixation
Semen was collected in modified Earle’s medium
and allowed to liquefy for 30 min. Evaluation of
mobility and the general characteristics of the se-
men according to WHO criteria were recorded at first
observation.
Semen samples were then centrifuged at 1500 rpm
for 15 min in 40% Percoll. Supernatant was discarded
and sperm washed in fresh Earle’s medium and cen-
trifuged again at 1500 rpm for 10 min. A total of
200 „L of IVF medium was then added to the pellet
and the tube was kept at 37–C for 15 min to allow
the migration of the motile spermatozoa. Slides for
microscopic observation and FISH were prepared by
spreading the total semen suspension and allowing
them to dry at room temperature. Smears were fixed
in absolute methanol for 2 min and stained by immer-
sion in Giemsa for about 30 s. A final wash in tap water
was done and slides were kept at ¡20–C until FISH
procedure. For Patient 15 who had a 47, XYY kary-
otype we analyzed both the total semen suspension,
the pellet, and the motile fraction recovered after a
40% Percoll gradient (however this patient was not in-
cluded in the statistical analysis) (see Tables I and II).
Hybridization Technique
Slides were destained in Carnoy solution for 5 min
and air-dried. Dehydration was performed through an
ethanol series (70%, 80%, 100%). After air-drying,
10 „L of the hybridization mixture (CEP X green
and CEP Y orange, Vysis) or (CEP 18 green and
LSI 21 orange, Vysis) was applied to the slide un-
der a coverslip and sealed with rubber cement. Co-
denaturation was done at 90–C for 10 min followed
Table I. FISH Results in 14 Patients with an Impaired Spermatogenesis and a Normal Karyotype and a 47, XYY Men
Patient 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15b 15a 15b
Sperm/mL 5.3 16.7 30.7 6.2 5 12.3 22 13 19.4 18.9 36.7 21 22 35 1
Normal morphology (%)/ 30/43 29/42 37/34 61/47 42/52 0a /45 11/0 44/60 63/70 49/50 51/53 28/40 35/40 29/54 42/43
overall motility
X 530 468 544 468 109 593 455 432 535 580 496 517 490 246 452 245
Y 416 519 434 527 117 403 528 557 461 415 496 461 492 240 476 244
XX 1 1 3 2 10 1 2 2 1 10 0 4 3 4 15 4
YY 3 0 0 0 3 1 0 1 2 4 0 4 1 7 22 2
XY 60 12 17 3 18 2 15 8 1 18 8 14 13 2 27 5
18 21 873 310 987 57 931 601 975 510 417 365 973 963 949 0 652
18 18 7 1 0 2 6 0 0 1 13 10 0 4 15 0 2
21 21 3 0 0 0 0 0 2 0 0 22 3 5 5 0
18 21 21 0 1 1 0 4 3 0 1 0 0 9 11 0 0 5
18 18 21 0 2 10 0 0 1 0 0 7 0 0 0 0 0 16
18 18 21 21 3 0 0 0 8 5 3 5 9 0 0 0 7 0 8
a Globozoospermia.
b 47, XYY patient: 15a is the pellet and 15b is the total sperm.
Table II. FISH Results in 7 Men with a Normal Karyotype and
Sperm Analysis
Patient 16 17 18 19 20 21 22
Sperm/mL 83 29 47 77 47 46 73
Normal 39/57 49/54 43/45 44/58 63/40 56/57 64/51
morphology (%)/
overall motility
X 564 550 573 578 519 530 494
Y 401 442 408 368 468 461 498
XX 5 2 8 1 3 1 1
YY 13 0 5 0 1 0 3
XY 5 0 4 13 9 8 4
XXY 0 0 1 0 0 0 0
18 21 949 982 935 984 919 972 980
18 18 1 18 8 0 6 12 2
18 21 21 10 0 6 2 0 1 8
18 18 21 0 0 5 3 0 10 3
by hybridization overnight at 42–C, using a Hybrite
system (Vysis).
Slides were washed first in a solution of 0.4£ saline
sodium citrate (SSC) with 0.3% NP 40 at 72–C, for 90 s
and then in a solution of 2£ SSC with 0.1% NP 40 at
room temperature, for 10 s. Slides were allowed to dry
at room temperature in the dark and counterstained
with 10 „L DAPI 1/5 in antifade solution (Figs. 1–4).
Analysis
Slides were observed by two individuals using a
fluorescence microscope (Olympus BX50) equipped
with a triple band pass filter (DAPI, FITC, PI) and a
dual band pass filter (TRITC, RHODAMINE).
Only spermatozoa with a conserved morphology
and clear hybridization signals were scored. Overlap-
ping spermatozoa were excluded and whenever two
or more distinct hybridization signals for the same
probe were present in the same sperm head the cell
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Fig. 1. Spermatozoa with a normal head and two spots for chro-
mosome 18 probe (CEP 18 orange)-arrow. The other visible sperm
heads only have one spot for the 18 chromosome.
was classified as aneuploid. Cells with splitted signals
were not considered.
Statistical Analysis
All statistical analysis was performed using the
Statistic 5.1 software. The Mann–Whitney test was
used to study the following parameters: sperm/mL,
normal morphology, overall motility, and motility
Grade 3 and the chi-square test was used for the anal-
ysis of the nominal variables.
RESULTS AND DISCUSSION
We found a significative difference between
Groups A (abnormal sperm analysis) and B (normal
sperm count) in the concentration of sperm/mL
Fig. 2. Spermatozoa with a round head and one spot for each of the
two autosomes analyzed (CEP 18 green and LSI 21 orange)-arrow.
Fig. 3. Macrocephalous sperm with two spots for the 18 probe (CEP
18 orange) and one spot for the X probe (X-LSI Kallman green)-
arrow. Notice the two normal heads in the bottom with an orange
spot for 18 probe and the other head on the right with an X and an
18 spot.
(p < 0:006) and normal motility (p < 0:04), as we
expected.
The aneuploidy rate for the heterochromosomes
or for both the autosomes analyzed was not differ-
ent in the two groups. However, the small number of
cells analyzed per patient may have contributed to
this. Other authors have reported that in infertile pa-
tients the gonosomes X and Y seem to be more prone
to nondisjunction than the autosomes we analyzed
(18 and 21). The higher incidence of XY disomy sug-
gests that the majority of nondisjunction errors might
occur at Meiosis I. Bernardini et al. (12) suggest that
whenever the count of normal motile spermatozoa
falls below 5 million (compared to 7–15 millionsin
normal controls), an almost two-fold increase in
Fig. 4. Notice the elongated head with an 18 spot (CEP 18 orange)
and an X spot (X-LSI green)-arrow. The other visible head also
shows similar FISH signals.
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sperm disomy and diploidy should be expected for
chromosomes X, Y, and 17 (total disomy rate of
2.34% versus 1.38% in controls). So far, aneuploidy
and diploidy have only been related to sperm count
and FSH concentrations (2,8) but not to sperm
morphology.
A 13-fold increase in sex chromosome aneuploidies
was observed in the somatic cells of infertile men with
unexplained oligozoospermia compared to donors
(4,13) and the results of FISH analysis and sperm
karyotyping demonstrated a significantly increased
frequency of aneuploidy in spermatozoa from infer-
tile men, particularly of sex chromosomes. The over-
all data suggest that abnormalities in chromosome
segregation and sperm morphology, differentiation,
and maturation are probably associated phenomena
(4,5). A pairing abnormality, confined to germ cells,
may exist in infertile men, leading to meiotic arrest
and aneuploidy during spermatogenesis. Our protocol
of hybridization does not include a decondensation
step, allowing a high efficiency of hybridization to-
gether with the preservation of sperm morphology
that can be very useful to analyze the correlation
between sperm morphology and aneuploidy on an
individual cell basis. This technique avoids artificial
estimates of disomy rates caused by decondensation
procedures and swelling of the cells and does not de-
pend on the quality of the decondensation to the ef-
ficiency of the hybridization and the interpretation
of the results that is a limitation to FISH studies
(2,8).
Our preliminary results do not confirm a high inci-
dence of aneuploidy rates of sperm from patients with
severely impaired spermatogenesis and a normal so-
matic karyotype.
REFERENCES
1. Vegetti W, Van Assche E, Fries A, Verheyen G, Bianchi M,
Bonduelle M, Liabaers I, Van Steirteghem A: Correlation
between semen parameters and sperm aneuploidy rates inves-
tigated by fluorescence in-situ hybridisation in infertile men.
Hum Reprod 2000;2:351–365
2. Rives N, Mazurier S, Bellet D, Joly G, Bertrand M: Assess-
ment of autosome and gonosome disomy in human sperm
nuclei by chromosome painting. Hum Genet 1998;102:616–
623
3. Nishikawa N, Murakami I, Ikuta K, Suzumori K: Sex chro-
mosomal analysis of spermatozoa from infertile men using
fluorescence in situ hybridisation. J Assist Reprod Genet
2000;7:97–102
4. Gazvani MR, Wilson EDA, Richmond DH, Howard PJ,
Kingsland CR, Lewis-Jones I: Role of mitotic control in sper-
matogenesis. Fertil Steril 2000;74:251–256
5. Bernardini L, Gianaroli L, Fortini D, Conte N, Magli C, Cavani
S, Gaggero G, Tindiglia C, Raagni N, Venturini PL: Frequency
of hyper, hypohaploidy and diploidy in ejaculate, epididimal
and testicular germ cells of infertile patients. Hum Reprod
2000;15:2165–2172
6. Rives N, Saint Clair A, Mazurier S, Silbert L, Sime´on
N, Joly G, Mace´ B: Relationship between clinical pheno-
type, semen parameters and aneuploidy frequency in sperm
nuclei of 50 infertile males. Hum Genet 1999;105:266–
272
7. Viville S, Mollard R, Bach ML, Falquet C, Gerlinger P, Warter
S: Do morphological anomalies reflect chromosomal aneuploi-
dies? Hum Reprod 2000;15:2563–2566
8. Wyrobek AJ, Robbins WA, Meharein Y, Pinkel D, Weier H:
Detection of sex chromosomal aneuploidies X-X, Y-Y and X-
Y in human sperm using two-chromosome fluorescence in situ
hybridisation. Am J Med Genet 1994;53:1–7
9. Spriggs EL, Rademaker AW, Martin RH: Aneuploidy in hu-
man sperm. The use of multicolour FISH to test various
theories of nondisjunction. Am J Med Genet 1996;58:356–
362
10. La¨hdetie J, Saari N, Ajosenpa¨a¨-Saari M, Mykka¨nen J: Inci-
dence of aneuploidy in spermatozoa among infertile men stud-
ied by multicolour fluorescence in situ hybridisation. Am J Med
Genet 1997;71:115–121
11. Finkelstein S, Mukamel E, Yavetz H, Paz G, Avivi
L: Increased rate of non-disjunction in sex cells de-
rived from low-quality semen. Hum Genet 1998;102:129–
137
12. Bernardini L, Borini A, Preti S: Study of aneuploidy in normal
and abnormal germ cells from semen of fertile and infertile
men. Hum Reprod 1998;13:3406–3413
13. Gazvani MR, Wilson EDA, Richmond DH, Howard PJ,
Kingsland CR, Lewis-Jones I: Evaluation of the role of mitotic
instability in karyotipically normal men with oligozoospermia.
Fertil Steril 2000;73:51–55
T. Almeida Santos1,2,3
C. Dias1
R. Brito1
P. Henriques1
A. Almeida Santos1,2
1 Servic¸o de Gene´tica Me´dica, Departamento de Medicina
Materno-Fetal, Gene´tica e Reproduc¸a˜o Humana dos Hospitais
da Universidade de Coimbra, Coimbra Codex, Portugal.
2 Servic¸o de Gene´tica Me´dica da Faculdade de Medicina de
Coimbra, Coimbra Codex, Portugal.
3 To whom correspondence should be addressed at Servic¸o de
Gene´tica Me´dica, Edifı´cio Sa˜o Jero´nimo, Hospitais da Univer-
sidade de Coimbra, Av. Bissaya Barreto, 3049 Coimbra Codex,
Portugal; e-mail: anateresasantos@hotmail.com.
Journal of Assisted Reproduction and Genetics, Vol. 19, No. 6, June 2002
